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Abstract: We compare the decay of a Higgs boson H0(0+) → ℓℓ¯ℓℓ¯ → γγ, H0(0+) →
WW¯ → ℓν¯ℓ¯ν, and H0(0+) → ZZ¯ → ℓℓ¯ℓℓ¯ using Cartan’s supersymmetry, that defines
coupling of a vector particle xi and Dirac spinors ψ and φ.
Apparent discrepancy of H0(0+) → γγ/ℓℓ¯ℓℓ¯ experimental data of ATLAS and CMS
collaborations disappears, since the sum of transition to ℓℓ¯ℓℓ¯ and γγ have the meaning.
The trilinearity of leptons vector fields coupling and the initial wave functions to be large
components define Higgs-leptons couplings.
The ratio of Higgs boson decay branching ratios H → WW = 21.6 ± 0.9, H → γγ =
0.228± 0.011 can be reproduced when we multiply coupling constant αs ≃ 1 for WW and
αe = 1/137 for γγ to the number of independent diagrams.
Comparison with Atiyah-Witten’s quark-gluon dynamics on a manifold of G2 holonomy
theory is added.
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1 Introduction
The decay properties of Higgs boson H0(0+) of mass 125GeV is not well understood.
It decays as H → WW = 21.6 ± 0.9%, H → γγ = 0.228 ± 0.011% and H → ZZ =
2.67 ± 0.11%[1].
The Higgs boson decay to γγ is not simple, since ZZ¯ decays into ℓℓ¯ℓℓ¯ and ℓℓ¯ can make
a γ. The measurements of the decay branching ratios of H0 → γγ and H0 → ℓℓ¯ℓℓ¯ by the
ATLAS Collaboration and by the CMS collaboration [2–9] are not in agreement, but the
sum of the branching ratios of γγ and ℓℓ¯ℓℓ¯ are in agreement.
Experimentally, the ratio of the branching ratio of γγ and WW¯ or ZZ¯ are also mea-
sured. The bosonW decays in the average 10.86% to ℓν¯, and Z decays in the average 3.6%
to ℓℓ¯ (ℓ = e, µ or τ). The signal strength of H0 → WW¯ of the ATLAS Collaboration and
the CMS collaboration differ by about 20%[8]. It is therefore interesting to calculate the
decay branching ratios of the Higgs boson to γ and vector bosons in a model beyond the
standard model.
In the book of the theory of spinors[12], Cartan proposed two types of Dirac spinors
φ and ψ and their charge conjugates Cφ and Cψ and two types of vector particles E
and E′. In [13] we studied decays of H0(0+) into photons, and in [14] we studied the
decay of χb(nP ) into Υ(mS)γ and possible decay of Higgs partner h
0(0+) into Υ(mS)γ
(m = 1, 2). Experimental results of h0(0+) are not clear, and in this paper, we study decays
of H0(0+) into ℓℓ¯ℓℓ¯ and compare with the decay of H0(0+) → ℓℓ¯ℓℓ¯ → γγ, H0(0+) → ZZ¯
and H0(0+)→WW¯ .
The experimental decay branching ratio of H0(0+)→ ZZ¯ is obtained from H0(0+)→
ℓℓ¯ℓℓ¯, and the strength parameter in this channel seems to be very sensitive to the mass
of H0(0+), and whether the final ℓℓ¯ℓℓ¯ originates from ZZ¯ is not clear. By inclusion of
gg¯ → ℓℓ¯ℓℓ¯, the signal strength of H0(0+)→ ZZ¯ was reduced to 0.99[15], and by inclusion
of gg¯ → ZZ¯, the signal strength was reduced to 0.93[16].
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In the supersymmetric theory, the coupling of the Higgs boson to two leptons is given
by the right chiral leptons, defined as Ei (i = 1, 2, 3)
E1 = φ˜e¯ + θ · χe¯ +
1
2
θ · θFe¯
E2 = φ˜µ¯ + θ · χµ¯ + 1
2
θ · θFµ¯
E3 = φ˜τ¯ + θ · χτ¯ + 1
2
θ · θFτ¯
and left chiral leptons, defined as
L1 =
(
φ˜νe
φ˜e
)
+ θ ·
(
χνe
χe
)
+
1
2
θ · θ
(
Fνe
Fe
)
and L2 and L3 defined similarly [17].
The Higgs coupling to Z through leptons is given by using χνLi part of Lj,
−yijℓ Ei(Lj ◦ Hd) = −yijℓ νℓ(ℓ¯LiℓLj + ℓ¯Lj ℓLi)
where Li, Lj specify left handed SU(2) lepton degrees of freedom.
The Higgs coupling to W through leptons is given by
−yijℓ Ei(Lj ◦ Hd) = −yijℓ νℓ(ℓ¯Liℓνj)
and that to W¯ is
−yjiℓ Ej(Li ◦ Hd) = −yjiℓ νℓ(ℓLj ℓ¯νi).
Couplings to quarks of u, c, t of Higgs bosons are defined by
yiju Ui(Qj ◦ Hu) = yiju νu u¯iuj.
where Q defines the colour and U defines the flavour
In sect.2, we formulate Higgs boson decay into γγ using Cartan’s supersymmetric
theory of spinors, and in sect.3 Higgs boson decay into vector bosons using Cartan’s su-
persymmetry. Nature of the S(750 GeV) and a possible enhancement of γγ → S at 13GeV
from Cartan’s supersymmetry in dicussed in sect.4. Discussion and conclusion are given in
sect.5.
2 Analysis of Higgs boson decay into γγ using Cartan’s supersymmetry
Following Cartan’s supersymmetry, we express scalar particles by Ψ and Φ, and leptons by
ψ, Cφ and antileptons by Cψ, φ[12]. The coupling of a vector field xi(i = 1, 2, 3, 4) to Dirac
spinors,
ψ = ξ1i+ ξ2j + ξ3k + ξ4I =
(
ξ4 + iξ3 iξ1 − ξ2
iξ1 + ξ2 ξ4 − iξ3
)
Cψ = −ξ234i− ξ314j − ξ124k+ ξ123I =
(
ξ123 − iξ124 −iξ234 + ξ314
−iξ234 − ξ314 ξ123 + iξ124
)
(2.1)
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and the spinor operator
φ = ξ14i+ ξ24j + ξ34k + ξ0I =
(
ξ0 + iξ34 iξ14 − ξ24
iξ14 + ξ24 ξ0 − iξ34
)
Cφ = −ξ23i− ξ31j − ξ12k + ξ1234I =
(
ξ1234 − iξ12 −iξ23 + ξ31
−iξ23 − ξ31 ξ1234 + iξ12
)
(2.2)
are specified by trilinearity [12, 18, 19]
FH = tφCXψ = t(Cφ)γ0xiγiψ + tφγ0xi′γi(Cψ)
= x1(ξ12ξ314 − ξ31ξ124 − ξ14ξ123 + ξ1234ξ1)
+ x2(ξ23ξ124 − ξ12ξ234 − ξ24ξ123 + ξ1234ξ2)
+ x3(ξ31ξ234 − ξ23ξ314 − ξ34ξ123 + ξ1234ξ3)
+ x4(−ξ14ξ234 − ξ24ξ314 − ξ34ξ124 + ξ1234ξ4)
+ x1′(−ξ0ξ234 + ξ23ξ4 − ξ24ξ3 + ξ34ξ2)
+ x2′(−ξ0ξ314 + ξ31ξ4 − ξ34ξ1 + ξ14ξ3)
+ x3′(−ξ0ξ124 + ξ12ξ4 − ξ14ξ2 + ξ24ξ1)
+ x4′(ξ0ξ123 − ξ23ξ1 − ξ31ξ2 − ξ12ξ3) (2.3)
In the case of coupling of γγ to a Higgs boson, I first fix the types of polarization of
ℓℓ¯ that creates γ which are expressed by large components of Dirac wave functions, and
couple quarks of different qq¯ pairs by ξ1234 and antiquarks to Higgs boson as shown in the
left hand side of Fig.1. The right hand side of Fig.1 are diagrams in which roles of quarks
and antiquarks are interchanged and ξ1234 is interchanged to ξ123.
In these 12 diagrams, lepton pairs which move are components of (ψ, Cψ) and (φ, Cφ),
which can be regarded as relatively anti-particles and produce a γ.
Couplings of quarks to electromagnetic field is defined as
FL = ψ¯kL(γL(i∂µ − eAµ)−m)ψkL + φ¯kL(γL(i∂µ − eAµ)−m)φkL
where
ψkL =
(
ψk
Cψk
)
andφkL =
(
Cφk
φk
)
.
In electromagnetic interactions ψ v.s. Cφ and φ v.s. Cψ have no differences, but we expect
that our electronic detector is sensitive only to ψkL.
When the momenta of the 4 leptons are parallel, H0 decay to ℓℓ¯ℓℓ¯ and to γγ through
exchange of vector particle X is possible. However kinematically the configuration is sup-
pressed, and we expect H0 decay to γγ mainly occurs via ℓℓ¯ℓℓ¯ channels.
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3 Analysis of Higgs boson decay into vector bosons using Cartan’s su-
persymmetry
In the standard model, the vector boson Z and the vector field A are expressed as
Zµ = cos θW ·W 3µ + sin θW ·Bµ
Aµ = − sin θW ·W 3µ + cos θW · Bµ
and sin2 θW ≃ 0.22 is the Weinberg angle. Relative strength of Bµ near the energy of the
mass of Higgs boson is not so clear.
The Lagrangian of W± and Z is given by
L = m2WW+µW−µ +
1
2
m2zZµZ
µ
and we define W±µ =
1√
2
(W 1µ ± iW 2µ) and
1
2
m2ZZµZ
µ =
ν2
4
(gW 3 − g′B)2
In contrast to the field of γ, I make a Cayley-Dickson doubling process and assign
complex fields at the position of the Higgs potential. Couplings of quark and antiquarks
to W which are expressed as X1 ± iX2 are assumed to satisfy the same trilinearity.
Couplings of W± fields to the Higgs boson are described by (X1 + iX2)(X1 − iX2) =
X21 + X
2
2 . Since X1 + iX2 andX1 − iX2 are independent fields there are 8 independent
diagrams.
In these four diagrams X3 in the final state can be interpreted as Z(ℓℓ¯).
In the world of hadron dynamics, photons couple to Higgs boson via Z bosons, and
in addition to the coupling to leptons, there are couplings to quarks d, s, b via yijd defined
by[17]
−yijd Di(Qj ◦ Hd) = −yijd νd d¯idj .
Here, νd is defined by the minimum of the potential Hd =
t(νd, 0), and after diagonalization
masses of three generations md,s,b = νd yd,s,b appear.
In the weak interactions there are differences in φkL and ψ
k
L, as the final states of the
supersymmetric transformation[13].
In the expression of −yijd νℓℓ¯LiℓLj coupling,
ℓLj =
(
ψj
Cψj
)
and ℓ¯Li = (Cφi, φi).
In the coupling of yijℓ Ei(Lj ◦ Hd), i, j specifiy generations of right handed ℓ¯ and left-
handed ℓi or νj , respectively. The Higgs boson couples to W by H
0 ℓν¯ℓ¯ν.
The ratio of Higgs boson decay branching ratios H → WW = 21.6 ± 0.9%, H →
γγ = 0.228 ± 0.011%[1] can be reproduced when we multiply coupling constant αs ≃ 1
for WW and αe = 1/137 for γγ to the number of independent diagrams. Branching ratio
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H → ZZ = 2.67± 0.11% is difficult to interpret, since Z are detectet mainly as ℓℓ¯s, which
decay to γs.
The main difference of Higgs decays to W , Z and γ is that γ belongs to U(1)em and
vector field x and x′ are treated as identical as shown in Fig.1 , while W and Z belong to
SU(2)w and higgs field h0 and h
′
0 are treated as different as shown in Fig.2 and 3.
In the energy region of Higgs boson mass, the decay to γγ can occur also through ℓℓ¯ℓℓ¯
in the final state of ZZ¯. The boson Z has a partner of a vector field A in this energy
region. Labelle[17] assigned the field A as a photon, but we assign the field here as a gluon,
and expect the difference of the H0 signal strength of ZZ¯ final state 1.11± 0.3 and that of
WW¯ final state 0.87 ± 0.2 is due to the contamination of A = gg¯ → ℓℓ¯ℓℓ¯ in the final state
of ZZ¯.
4 Nature of the S(750 GeV) and an enhancement of γγ → S at 13GeV
Since leptons and quarks in scalar particles Ψ and Φ have charge conjugated states, we can
extend the same argument starting from the charge conjugated states CΨ and CΦ.
The coherent decays of Higgs pairs on two planes defined by a unique time
(ΨΦ)r, (CΨ CΦ)r, (ΨΦ)g, (CΨ CΦ)g, and (ΨΦ)b, (CΨ CΦ)b
into γγ can make a peak at 125GeV×6 = 750GeV scalar meson S, which was observed in
LHC experiments of run energy
√
s = 13TeV [21, 22].
Review of electroweak symmetry breaking in Higgs boson decay was given in [23]. In
the standard theory, a large component of a lepton or a quark remains large component
after coupling to photons. But Cartan’s couplings of γ to spinors contain γ couplings to
ℓℓ¯ or qq¯ vertices.
There are discussion on parent states of the S meson and decays of the S meson
into dark matter [24, 25]. We think dark matters are weakly interacting particles but
electromagenetic waves emitted from them are transformed by G12, G13, G123 and G132
and insensitive to our detectors.
There are arguments on the decay width of 750 GeV resonance S to γγ and the WR
vector of 1.9TeV decay to W Z based on trinification model[26, 27]
Γ(WR
± →W±Z)
Γ(S → γγ) =
(1± 13) fb
(8± 2) fb .
The mass of parent state WR
± →W±Z is about 3 times the mass of S, and which is about
1/6 of the energy of the parent state of S → γγ= 12TeV. The factor 1/2 can be understood
as due to a choice of the charge + or − and 1/3 can be understood as due to a choice of
the colour.
5 Discussion and conclusion
We studied the decay of Higgs bosonH0(0+) to γγ via ℓℓ¯ℓℓ¯ states. Cartan’s supersymmetry
allows presence of a scalar boson Ψ and a scalar boson Φ which decay into ℓℓ¯ℓℓ¯, and reduce
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to γγ. It is important that the direct decay of Ψ or Φ to γγ is not allowed. Experimental
discrepancy of the branching ratios of γγ and ℓℓ¯ℓℓ¯ of the ATLAS collaboration and the
CMS collaboration [8] is not a problem since branching ratio of γγ comes from ℓℓ¯ℓℓ¯ in our
model, and the sum of the branching ratios of γγ and ℓℓ¯ℓℓ¯ has the physical meaning.
The Higgs meson of 125 GeV expects S meson of mass 750 GeV whose hint was
observed in
√
s = 13TeV, since coherent sum of 3 colour states times 2 charge conju-
gates makes 6 × 125 =750GeV. If there is a parent state of S mesons of energy 24 ×
750GeV=12TeV, where the factor 24 comes from the selection of SS¯ or S¯S in 4 dimen-
sional space-time of S or S¯, we can understand disappearance of S meson in
√
s = 7 and
8 TeV experiment.
When the supersymmetric transformation is G13, transformations E → Cψ and E′ →
ψ in the lepton sector, and the spinor φkL → φ˜kL appears in the quark or lepton sector,
where φ˜kL means that particle-antiparticle transformation is done on φ
k
L[20]. When the
transformation is G12, transformations E → φ˜ in the lepton sector and ψkL → ψ˜kL appears
in the quark or lepton sector.
When the transformation is G132, transformations E → φ and E′ → Cφ occurs in
the quark or lepton sector and the spinor φkL → ψ˜kL appears in the quark or lepton sector.
When the transformation is G123, transformations of E → C˜ψ and E′ → ψ˜ occurs in the
quark or lepton sector and ψkL → φ˜kL in the quark or lepton sector.
Possible appearance of γγ resonance of 750GeV was proposed in trinification models
[26, 27], in which Higgs bosons H1 and H2 in some representations of SU(3)L ⊗ SU(3)R ⊗
SU(3)c gauge symmetry were introduced. Higgs bosons derived from Cartan’s supersym-
metry contain trilinearity, and we can work in SU(2)L⊗U(1)Y ⊗SU(3)c gauge framework.
Corresponding to the triality of Cartan, one can consider three G2 manifolds Xi and
a flat C− field of the symmetry class H3(Y ;U(1)) and H3(Xi;U(1))[28].
Observation of supersymmetry as a relation between fluctuations in the C− field and
fluctuations in metric [28] agree with each other is interestig, The fact that the trilinear
quark antiquark vector field couplings of Cartan yields Higgs γγ decay branching ratio and
Higgs WW decay branching ratio consistent with experiments indicates that five dimen-
sional spinor ξ like Kaluza-Klein spinor can play important roles for understanding quark
gluon dynamics.. Cartan’s low energy supersymmetry is based on our number system
containing octonions and rich in applicability at multiscale levels.
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Figure 1. Higgs boson decay into γ(ℓℓ¯)γ(ℓℓ¯).
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Figure 2. Higgs boson decay into W (ℓν¯)W (ℓ¯ν).
Figure 3. Higgs boson decay into W3(ℓν¯)B(ℓ¯ℓ).
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